Purpose: This study attempted to investigate the prevalence and related factors of Clonorchiasis among five major riverside residents in South Korea. Methods: This study is descriptive research, nationwide survey, and the subjects are 23,492 residents selected by convenience sampling. Data collection was conducted between March 1 and June 30, 2011, and stool collection and questionnaire survey were conducted by affiliated public health centers in 38 cities and Gun's. Results: The prevalence rates of Clonorchiasis in the five major riversides were as follows: the Guem River 15.2%; the Nakdong River 11.9%; the Seomjin River 10.9%; the Han River 5.7%; and the Yeongsan River 3.9%. The prevalence rates were shown to be significantly high among people who had highly frequent experiences of eating and cooking freshwater raw fish, were diagnosed with liver and/or biliary tract diseases, and drank less than once a month. Conclusion: These results suggest that it is necessary to improve awareness of Clonorchiasis and provide intensive public health education for the riverside residents. And the target groups should be set up by reflecting the characteristics of at-risk groups, and it is necessary to prepare customized strategies for prevention and management of Clonorchiasis.
INTRODUCTION
As a result of the survey on the incidence of intestinal parasites conducted regularly in the whole country since 1971, the infection rate of intestinal parasites in Korea has a tendency to decrease. Among them, soil-transmitted rotifers and nematodes such as amphibians, hookworm, and Trichuris, which occupied a large proportion in the infestation of the intestinal parasites, showed a drastic decrease and reached a level that no longer needs to be controlled.
In contrast, from the results of the 7 th nation wide parasite infestation survey conducted in 2004, Clonorchis sinensis and Metagenesis yokogawai infected by shellfish or fish mediation had a higher positive rate of parasite eggs than other parasitic infections, showing the highest infection rate among the rotifer infections diagnosed by stool test. Especially in the case of Clonorchis sinensis, the results of the 5 th and 6 th surveys were 2.2% and 1.4% respectively, and in the 7 th survey, it has been increasing again to 2.9% [1] , which demands active management and research on Clonorchis sinensis. Clonorchis sinensis that is an endemic disease [2] widely distributed in Korea, Japan, China, Taiwan, eastern Russia and northern Vietnam, etc. mainly subsist in peripheral bile duct, gallbladder or pancreatic duct, etc. and long-lasting can cause complications such as bile duct stones, recurrent pyogenic cholangitis, bile duct abscess, bile duct stenosis and bile duct cancer [3, 4] .
Clonorchis sinensis differs from other intestinal parasites in that it has a characteristic distribution in local epidemic areas. That is, there are rivers in which first and sec-ond intermediate hosts can live, and stools of those human beings and animals infected with Clonorchis sinensis around rivers flow into the living environment where it occurs frequently. Therefore, in the national epidemiological survey of Clonorchis sinensis, it can be concluded that the survey area includes villages with rivers vulnerable to the prevalence of Clonorchis sinensis, and whether the freshwater fish eating uncooked of residents have a major influence on the parasite egg positive rate [1] .
As well shown in previous studies with regard to the results reflecting these characteristics, Rim [5] pointed out that the infection rates of residents in the river basins such as Nakdong River, Yeongsan River, Seomjin River, and Geum River are very high. In particular, the rate of Clonorchis sinensis infection in the residents of the five rivers is very high at 11.3%, compared with the national average of 2.9% [6] . The reason is reported to be that most of the river basin population is not aware of the risk of Clonorchis sinensis infection and that the freshwater fish eating raw habits have been incorporated into local culture [5, 7, 8] . This has an important meaning in terms of public health. As a matter of fact, the incidence of cholangiocarcinoma in areas with high rates of Clonorchis sinensis infection is high [9] , as a result of analysis of regional mortality rate difference due to liver cancer, in addition to high mortality rates in Gyeongsangnam-do and Jeollanam-do [10] , the mortality rate of liver cancer in the Nakdong River and Yeongsan River basins, where freshwater fish eating raw is high, were found to be significantly higher in statistics [10] . Therefore, there is a need to raise awareness of the effect of Clonorchiasis on public health.
However, the epidemiological characteristics of Clonorchiasis are mutually influencing factors at the individual level, at the collective and community level [11] , especially with regard to personal characteristics related to high frequency drinking and smoking with freshwater fish eating raw habits [6, [12] [13] [14] , and it is urgent that countermeasures against still existing duplicate infections and re-infections are needed because people with previous experience of Clonorchis sinensis infection and treatment have adhered to freshwater fish eating raw habits [15] .
There is still a culture of enjoying freshwater fish eating raw in some communities of riverside, the residents' lack of knowledge of Clonorchis sinensis, and collective blindness to the treatment of local residents who think they can be treated even if they become infected, all of which eventually increase the infection risk. Thus, to eradicate Clonorchiasis, it is suggested that collective efforts must be made [11] , including governments, professionals and the community.
On the subjects of the residents of the riverside centered on the five major river basins raised as the risk area, this study identified the overall infection status and reaffirmed the risk area by analyzing the factors affecting the Clonorchiasis infection. And this study was conducted to provide basic data for systematic implementation of Clonorchiasis prevention and treatment projects.
METHODS

Research Design
This study is a descriptive research to identify the actual condition of Clonorchis sinensis infection in the residents of the five rivers and to identify the related factors affecting them.
Research Subjects
Through convenience sampling, the subjects of this study were selected from among residents of 38 cities and county public health centers near the five major rivers (Geum River, Nakdong River, Seomjin River, Han River, Yeongsan River) with high Clonorchis sinensis positive rate. The criteria for the selection of the subjects were communicable, agreed on the purpose of the study with a written consent, and a total of 23,514 subjects participated in the study. There were 23,514 participants in the primary parasite egg stool examination, but 22 of them answered unfairly and the rest 23,492 of them were included in the final analysis. When the significance level was .05, the effect size was medium (.3), and the power was kept at .95, the G*Power 3.0 program was used to determine the appropriate sample size for the x 2 analysis. A sufficient number of specimens were obtained for statistical analysis, and the number of samples required for x 2 analysis was confirmed to be 220 people from the result of using the G* Power 3.0 program.
Research Tools
of Clonorchis sinensis, and medication treatment for Clonorchis sinensis
2) Parasite egg stool examination
As for parasite egg stool examination, this study used Formalin-Ether Sedimentation Technique, a test technique with the highest detection rate of Clonorchis sinensis eggs. Centers for Disease Control & Prevention conducted the examinations in order to reduce the error range due to the examinations between the research target areas. The procedure of the standardized examination method is, first, 1~5 g of feces was mixed well with 10ml of distilled water, the mixture was gauzed and centrifuged at 1,500 rpm for two minutes, and 10% formalin was added to the clarified solution after centrifuging followed by adding 2~3 mL of ether and shaking vigorously. Next, the mixture was separated again at 1,500~2,000 rpm for 5 minutes to remove the organics and ether supernatants, the precipitates were placed on a slide, and the presence or absence of parasitic eggs was examined by microscopy at 200~400 times.
Data Collection
The data source used in this study is the raw data of the academic research service project [16] conducted by Centers for Disease Control & Prevention in 2011. Data collection was conducted from March 1 to June 30, 2011, and for accurate and smooth data collection, the first step was to conduct training for practitioners of 38 city-county public health centers on the methods of collecting stools and surveying the questionnaires. A questionnaire survey on Clonorchiasis related factors was conducted for the subjects by a local health care specialist through direct interviews in person. Samples for parasite egg examination were directly delivered from pertinent cities and counties, and diagnostic tests were performed by Centers for Disease Control & Prevention.
Before the questionnaire was distributed in consideration of the ethical aspect, the research purpose and the process of the research were explained in detail, and the participants were informed that they could voluntarily participate in the study without any compulsion. And they were informed that they could be ensured with anonymity and withdrawn at any time during the study, and that the contents of the questionnaire would not be used except for the purposes of this study. After the explanations were completed, the subjects who agreed to participate in the study completed the written consent and explained that the questionnaire was discarded after collecting and statistical analysis in order to protect the personal information of the participants.
Data Analysis
The collected data were analyzed using SPSS/WIN 20.0 program. Clonorchis sinensis infection was classified as positive and negative by using the results of parasite egg stool examination. The general characteristics of the subjects, Clonorchis sinensis related factors were analyzed by frequency and percentage, and the difference of Clonorchis sinensis positive rate according to related factors was analyzed by x 2 test or Fisher's exact test. Data analys is did not include non-respondents by item. Statistical significance was defined as less than .05.
RESULTS
Demographic, Behavioral and Clonorchis Sinensis Infection Related Factors of the Subjects
The demographic, behavioral, and Clonorchis sinensis infection related factors of the subjects are shown in Table  1 . Among the subjects, 57.0%(13,376 persons) were female and 43.0%(10,409 persons) were male, and by age, 39.0% (9,172 persons) were over 70 years old, 29.3%(6,887 persons) 60~69 years, 19.8%(4,644 persons) 50~59 years old, 11.9%(2,788 persons) under the age of 50 years old. Among the clonorchiasis related factors, 34.7%(7,958 persons) had the eating raw experience of freshwater fish, and the eating raw frequency was 58.7%(4,246 persons) 1~3 times in 6 months, and 13.8% 1~3 times in a month (998 persons). 36.3%(8,298 persons) had experience of cooking freshwater fish, 4.8%(1.096 persons) were diagnosed with liverbiliary disease and 3.5%(800 persons) were diagnosed with family history. Of the subjects, 11.6%(2,609 persons) were positive for Clonorchis sinensis, and 91.2%(2,145 persons) responded that they took Clonorchis sinensis medication. Drinking frequency was 20.5%(4,815 persons) drinking 1~4 times a month, 15.3%(3,681 persons) drinking more than twice a week, and 8.1%(1,904 persons) less than once a month. And 52.1%(12,240 persons) did not drink alcohol.
The residential distribution of the subjects in the 5 major river basins showed that 3,831 persons were in Geum River, 10,095 persons in Nakdong River, 5,810 persons in Seomjin River, 2,462 persons in Yeongsan River, and 1,294 persons in Han River. The experience of freshwater fish eating raw was 40.7% in Nakdong River basin, which was the highest, and then Han River (37.8%), Geumgang (34.5%), Seomjin River (29.5%), and Yeongsan River (21.0%) in that order. The frequency of freshwater fish eating raw is about once a Han-gang (n=1,294) week, followed by Seomjin River (2.1%), Nakdong River (1.8%), Geumgang (0.8%), Yeongsan River (0.7%) and Han River (0.6%) in that order, 1~3 times a month followed by Nakdong River (15.0%), Han River (13.4%), Seomjin River (13.3%), Geum River (12.0%) and Yeongsan River (10.4%) in that order, which shows the Nakdong River basin was ranked high in all frequencies. Geum River (42.3%) and Yeongsan River (41.6%) were slightly higher than other river basins when they had freshwater fish cooking experience. Seomjin River (6.4%) was the highest with the person's experience of suffering from liver biliary diseases, and Nakdong River (4.0%) was high with the family member's experience of suffering from liver biliary diseases. Seomjin River (16.7%) was the highest with the past experience of Clonorchis sinensis positive followed by Yeongsan River (11.4 %), Nakdong River (10.4%), Geum River (9.3%) and Han River (3.9%) in that order. In the case of taking Clonorchis sinensis remedy, Seomjin River (89.1%) was the lowest and Yeongsan River (95.1%) and Han River (95.1%) were high. The frequency of frequent alcohol drinking more than twice a week was highest in the Nakdong River (18.5%), and Yeongsan River (12.6%) was low. However, In the case of drinking no alcohol, Yeongsan River (59.9%) was the highest. 
Clonorchis sinensis Positive Rate in the Five Major River Basins
The positive rate of Clonorchis sinensis among all subjects was 11.0%. To explore the Clonorchis sinensis positive rate in the river basins, Geum River (15.2%) was the highest followed by Nakdong River basin (11.9%), Seomjin River basin (10.9%) and Han River basin (5.7%). In contrast, the Yeongsan River basin has the lowest rate of 3.9% (Table 2) .
Clonorchis sinensis Positive Rate according to Administrative Districts
The positive rate of Clonorchis sinensis by province was highest in Chungbuk with 17.9%, followed by Gyeongnam with 13.3%, Gyeongbuk with 9.9% and Jeonnam with 9.2%. In Chungcheongnam-do, 5.0% and Gangwon, 4.5%, respectively. The rate of Clonorchis sinensis positive rate in Jeonnam province was the highest at 22.6%, followed by Chungbuk Okcheon with 22 
Clonorchis Sinensis Positive Rate Difference
by Related Factors Table 4 shows the difference in the positive rate of Clonorchis sinensis according to related factors. Overall, the positive rate of male (15.0%) was higher than that of female (8.0%) (x 2 =283.96, p <.001), while in the distribution by age was the positive rate of 50~59 years (14.3 persons) and that of 60~69 years (11.4%) were significantly higher than other age groups (x 2 =79.07, p <.001). In addition, it is shown that there was a significant difference in experience of freshwater fish eating raw (x 2 =200.14, p<.001) and freshwater fish cooking experience (x 2 =46.52, p <.001), the person's experience of liver biliary disease diagnosis (x 2 = 6.03, p=.014), whether or not the remedy was taken among those who experienced Clonorchis sinensis positive (x 2 = 6.58, p =.037), and the number of drinking alcohol (x 2 = 264.30, p <.001) among the patients with Clonorchis sinensis. In other words, the positive rate of Clonorchis sinensis was found to be significantly high in case of freshwater fish eating raw experience, in case of a high frequency of eating raw rate, in case of experience of cooking freshwater fish, in case of experience of a diagnosis of liver biliary disease, in case of being not taken Clonorchis sinensis remedy, and in case of drinking alcohol less than once a month. On the other hand, it is found that there was no significant difference in Clonorchis sinensis positive rate according to eating raw frequency, family history of liver biliary disease diagnosis, and experience with Clonorchis sinensis positive.
In the five major rivers, freshwater fish were significantly different except Han River basin, but there was no difference according to the frequency of freshwater fish eating raw. In the case of freshwater fish cooking experience, there was a significant difference in all except Han River, and the case of freshwater fish cooking experience showed high positive rate. As for whether taking Clonorchis sinensis remedy or not, the river basins in which the positive rate was significantly high with the case of taking the remedy were the Seomjin river basin (x showed a difference in Clonorchis sinensis positive rate, and the positive rate was significantly higher when drinking 1~4 times or less than once a month, rather than drinking frequently. 
DISCUSSION
This study was conducted to investigate the current status of Clonorchis sinensis infection, which has the highest infection rate among intestinal parasites in Korea on the subjects of residents who live in the basins of five major rivers of Korea. The residents of the basins of five major rivers of Korea, Geum River, Nakdong River, Seomjin River, Yeongsan River and Han River, are located in a region where they can easily access freshwater fish. This study performed Clonorchis sinensis egg test of a stool specimen, and conducted the survey to investigate the characteristics of subjects affecting Clonorchis sinensis infection at the same time.
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Si ․ Gun Positive rates (%) 1 C h e o r w o n -g u n 1 2 . 9 2 Hoengseong-gun 0.9 3 Geochang-gun 10.2 4 G i m h a e -s i 7 . 8 5 M i r y a n g -s i 1 9 . 1 6 S a n c h e o n g -g u n 1 7 . As a result, the Clonorchis sinensis positive rate of the five river basin residents was much higher than the national average, and various characteristics were associated with this positive rate. Thus, this study is to discuss the major results of this study.
A total of 23,492 subjects participated in the study, of which 2,591 were positive and Clonorchis sinensis positive rate was 11.0%. The rate of Clonorchis sinensis infection in the whole country was reported to be 2.6% in 1980 and 2.9% in 2004 [1] , but the survey of the whole country was not properly conducted. There is significance of this study in that this study investigated all five major rivers that are susceptible to Clonorchis sinensis. To explore domestic studies that examined some limited regions, by using formalin ether sedimentation technique of stool parasite eggs that is the same method employed by this study, Lee et al. [17] surveyed 509 residents in the Nakdong River basin in 1994 (27.7%), and Park et al. [18] surveyed 848 and 699 people in the Sumjin River basin in 1999 and in 2005 (19.0%, 11.3% respectively). Compared with the results of Lee et al.'s and Park et al.'s, the positive rate in this study shows a tendency to decrease. However, since 1989 in China, the rate of Clonorchis sinensis positive rate gradually increased to 46.5% in 2011 [19] , showing a very high positive rate as compared with that of Korea. Despite the high economic growth, Korea and China have a dietary culture to enjoy freshwater fish, so Clonorchis sinensis infection is still regarded as a health problem which calls for a national strategy. Efforts are urgently needed to raise awareness of the risk of freshwater fish eating raw for all citizens and to reduce Clonorchis sinensis infection, particularly by providing intensive education programs for residents in river basins.
Geum River showed the highest positive rate for all river basins, followed by Nakdong River, Seomjin River, Han River and Yeongsan River in that order. The Clonorchis sinensis positive rate in the Geum River basin was relatively high at 15.2%, and in cities and counties of the Geum river basin there were 22.5% in Okcheon, 9.6% in Muju and 0.6% in Seocheon, showing a big difference depending on the regions. Especially, Okcheon-gun showed a high positive rate. In a study of June et al. [6] , which surveyed the residents of Okcheon, Seocheon and Iksan in the Geum River basin in 2008, it was found that the positive rate was slight- ly decreased by 24.6% in Okcheon and 2.7% in Seocheon. However, in the case of Muju-gun, it is necessary to note that the positive rate in 2007 was found to be 3.5% in a study of Park [8] but the survey conducted four years later showed that the positive rate was doubled to 9.6%. In the case of Okcheon-gun, June et al. [6] and this study show a high positive rate of more than 20% and so therefore for the regions where Clonorchis sinensis positive rate was significantly higher than the national average and/or was shown to have changes of positive rates comparing the results of previous studies, a strategic approach is needed to identify the causes and take measures customized to reflect regional characteristics.
In this study, the positive rate of Clonorchis sinensis in the Nakdong River was 11.9%, and the positive rate of cities and counties in the Nakdong River basin was 11.0% in Andong City and 10.4% in Haman County. In a study of Hwang et al. [20] , the positive rate of Clonorchis sinensis in Andong city was 24.5% and in a study of Ju et al. [21] , the positive rate of Clonorchis sinensis in Haman County was 34.4%, demonstrating that the positive rate of the Nakdong river basin was decreased in contrast to that of the Geum river basin.
The positive rate of Clonorchis sinensis in the Sumjin River basin was 10.9% in this study. Park et al. [18] reported that the Clonorchis sinensis positive rate in the Sumjin River basin was 19.0% in 1999 and 11.3% in 2005. Thus, the positive rate of the Seomjin River basin gradually decreased after 2005, and the positive rate of Clonorchis sinensis in Gokseong county embracing the Seomjin River was also gradually decreased.
In the present study, the positive rate of the Han River basin is 5.7%, and the positive rate of the Han River basin was 7.9% in a study of Kim et al. [22] , showing that the positive rate of the Han River basin is lowered. The positive rate of the Yeongsan River basin is also lowered and in this study, the positive rate is 3.9%, and Jung et al.'s [23] study showed 4.8% higher than that of this study.
To In particular, there was a very low positive rate in Hoengseong-gun (0.9%), Jeonbuk-gun (2.0%) and Chungcheong-Seocheon (0.6%) in the areas of Gangwon-do province. In Yecheon county and Sangju city in Gyeongbuk province it was decreased to 6.2% and 7.6% respectively from 28% in 1995 [17] , showing a magnificent result. Gokseong county also showed a steady decline from 19.0% in 1999 to 11.3% [18] in 2005 to 7.5% in 2011. Identifying local policies or strategies that significantly reduce the positive rate and spreading them to other regions are also considered a necessary method for the prevention of Clonorchis sinensis infection.
From the results of this study, the factors that showed difference in Clonorchis sinensis positive rate are sex, age, freshwater fish eating raw experience, freshwater fish cooking experience, diagnosis of liver and biliary disease, medication of Clonorchis sinensis drug, and frequency of drinking, etc. In terms of gender, the positive rate in males was higher than that of females, and in terms of distribution among all age groups, the positive rate was higher in 50s and 60s. In the previous studies [19, 24, 25] , males showed higher positive rate than females, showing the same results as this study. By age group, the results of previous studies which showed high positive rates in 40s and in 50s were considered to be similar to those of the 50s and 60s of this study. It is necessary to study whether this is mainly due to the dietary culture that freshwater fish eating raw in the drinking situation of men in their 40s and 60s. In addition, there was significant difference in the experience of freshwater fish eating raw, freshwater fish cooking experience, the person's experience of liver and biliary disease diagnosis, the medication of treatment drug for Clonorchis sinensis, and drinking frequency. In a study by Stauffer et al. [26] , Clonorchis sinensis infection rate was higher in patients with biliary obstruction, and in a study by Lee et al. [27] , 27.5% of patients with biliary pancreatitis had a Clonorchis sinensis positive rate, showing there is a close relationship between Clonorchis sinensis positive rate and liver and biliary diseases. The medication of treatment drug for Clonorchis sinensis was associated with a higher positive rate when the patients did not take or recognize the medication, and it is probably due to the low concern about the severity and sequelae of Clonorchiasis. It can be seen in the same context as emphasized in the study of Kim et al. [28] , reporting that the administration of one-time therapies has no effect on reducing the positive rate of Clonorchis sinensis, and that continuous education that pays more attention to the risk and treatment of Clonorchis sinensis can prevent Clonorchis sinensis infection. The positive rate of Clonorchis sinensis according to the experience of Clonorchis sinensis positive did not show significant difference. The subjects with Clonorchis sinensis positive were found to be 11.1% of the subjects with no experience of Clonorchis sinensis, and among the subjects with the experience of positive Clonorchis sinensis, 10.3% were found to be positive, showing that both experienced and non-experienced subjects had little awareness of Clonorchis sinensis infection. It is believed that even if the patients were positive for Clonorchis sinensis in the past, it is thought to be treated after taking the drug, so they do not live for prevention and are re-infected because of exposure to Clonorchis sinensis infection risk. The person's presen-ce or absence of liver-biliary disease affects Clonorchis sinensis positive rate. In other words, in the Nakdong River basin (x 2 =5.00, p=.025) and the total subjects (x 2 =6.03, p= .014), the Clonorchis sinensis positive rate was significantly higher in cases of the subjects with liver-biliary disease than those with no liver-biliary disease.
These results indicate that Clonorchis sinensis has not yet been eradicated, and freshwater fish eating raw and cooking are still in progress. It is recognized that It is necessary to provide more thorough education on the persistent prevention of eating raw and freshwater fish cooking for the river basin population and it suggests that the need of careful guidance and management of medication should be required for those residents with the diagnosis of positive Clonorchiasis.
CONCLUSION
In Korea, there are still dietary habits of freshwater fish eating raw with high rates of Clonorchis sinensis infection in some regions of river basins. Therefore, this study is significantly meaningful in that it conducted a nationwide large-scale survey focusing on the five major river basins, which are high risk areas of Clonorchis sinensis infection. The positive rate of Clonorchis sinensis in this study is 11.0 %, which is much higher than that of the 7th nation wide parasite infection survey conducted in 2004.
These results provide an opportunity to confirm that riverside residents are vulnerable to Clonorchis sinensis infection. In addition, the results of this study present Clonorchis sinensis positive rates based on five major rivers and administrative districts, thus this study provides a basis for setting measures at the regional community level by recognizing the necessity of prevention and management of Clonorchis sinensis in each region.
First, Clonorchis sinensis management project is recommended as a national health policy and is to be managed regularly and periodically. Considering that Clonorchis sinensis infection can cause liver and biliary disease and as Clonorchiasis is a serious disease, Clonorchis sinensis management project should be included in the national disease management programs and it is necessary to make continuous and periodic efforts to reduce Clonorchis sinensis. It is believed that Clonorchiasis will be eradicated in the future if fundamental measures and regular monitoring in a national dimension are carried out every year, especially for residents with high positive rate characteristics.
Second, this study proposes to make a campaign to change the lifestyle of the riverside residents and to develop educational programs for them. It is necessary to change the perception of eating habit of freshwater fish eating raw for drinking. Particularly in areas with high positive rates, it is necessary to take special care and secure measures to change the perception.
Finally, this study attempted to identify related factors affecting Clonorchis sinensis infection, but there are limitations in studying the related factors of recurrent cases among those with positive experience. Future research should continue to explore in depth the factors that influence the rate of recurrence of Clonorchis sinensis-positive patients.
